The syntheses, characterization and experimental solid state X-ray structures of five low-spin paramagnetic 2-pyridyl-(1,2,3)-triazole-copper compounds, [Cu(L n )2Cl2], are presented in this study, for the following five L n ligands: 
has an influence on the arrangement of atoms in a molecule, since the splitting of the degenerate energy states in molecules and ions, which are associated with certain electron configurations, leads to a geometrical distortion. The two main types of geometrical distortions observed for Jahn-Teller active octahedral molecules, are either elongation Jahn-Teller distortion (elongation of the two opposite metal-ligand bonds along the z-axis, relative to the four bonds in the xy-plane), or compression Jahn-Teller distortion (compression of the two opposite metal-ligand bonds along the zaxis, relative to the four bonds in the xy-plane). Octahedral d 9 copper(II) complexes are well known to be Jahn-Teller active, due to the unpaired electron in the eg level of the octahedral Cu(II) complexes [2] . Theoretically, it is not possible to predict the type of distortion that will occur with the splitting of degeneracy eg levels. However, Jahn-Teller distortions for Cu(II) complexes (with 3 electrons in the eg level) mostly result in complexes with elongation of the Cu-ligand bonds along the z-axis [2, 3] , e.g. the hexaaquacopper(II) complex ion, [Cu(OH2)6] 2+ [4] .
We recently reported on the synthesis of a series of differently substituted 2-(1-phenyl-1H-1,2,3-triazol-4-yl)pyridine ligands [5] , as well as on the ability of these ligands to coordinate to various first row transition metals, such as manganese, iron, cobalt, nickel, copper and zinc [6, 7] . In this study we present the syntheses, characterization and structures of five copper(II) compounds, coordinated 
Methods and Materials

Synthesis of the 2-pyridyl-(1,2,3)-triazole ligands (L 2 , L 6 -L 9 )
The five (1,2,3-triazol-4-yl)pyridine free ligands (L 2 , L 6 -L 9 ) were synthesized according to published methods [8, 9, 10, 11, 12] . For X-ray diffraction analyses of the ligands, see reference [8] .
Synthesis of the 2-pyridyl-(1,2,3)-triazole-copper compounds, [Cu(L n )2Cl2] (2, 6 -9)
The five [Cu(L n )2Cl2] complexes were prepared by dissolving a small amount (ca. 0.3 mmol) of anhydrous CuCl2 in 10 ml CH3OH. A solution of 2 equiv of the respective ligand L n (L 2 , L 6 -L 9 ) in 10 ml CH2Cl2, was added dropwise to the CuCl2 solution and stirred for 8-10 hours at room temperature. The corresponding product (2, 6 − 9) precipitated and was isolated from the solution, by firstly reducing the volume by half under vacuum distillation, and then filtering and washing the precipitate (twice with cold methanol, followed by diethyl ether).
Dichloro
(with ligand L 2 , where R = CH3) [7] The preparation of [Cu(L 2 )2Cl2] was conducted according to the general procedure described above: 
Instruments and measurement parameters
Infrared (ATR-FTIR IR) spectra were recorded, using a smart diamond ATR attachment on a Thermo-Nicolet FT-IR Spectrometer (AVATAR 320), over the range of 4000 to 400 cm -1 . UV-Vis spectra were obtained on a PerkinElmer lambda 40 UV/Vis spectrometer. Mass spectra were 
, L 8 and L 9 ), are given in the experimental characterization data.
The molar conductivity measurements of these [Cu(L n )2Cl2] compounds were conducted, using 10
M solutions of these five complexes in DMSO.
X-ray diffraction
Single crystal X-ray diffraction measurements were performed, using a Rigaku SPIDER RAXIS image plate detector, equipped with an enhanced sensitivity (HG) Saturn724+ detector, mounted at the window of an FR-E+ SuperBright molybdenum rotating anode generator, as well as a Rigaku AFC12 goniometer equipped with HF Varimax optics (100µm focus). Data was processed and empirical absorption corrections were carried out, using Crystal Clear SM-Expert [14] . The structures were solved by direct methods, using SHELXS-97 within OLEX2 [15] . All refinements on Fo 2 by full-matrix least squares refinement, were performed using the SHELXL-97 program package [16] .
All non-hydrogen atoms were refined by anisotropic displacement parameters. Hydrogen atoms were added at calculated positions and were included as part of a riding model, with the aromatic bond lengths at C-H (aromatic) 0.95Å UISO = 1.2Ueq (C); and the methyl bond lengths at C-H (methyl) 0.98Å UISO = 1.5Ueq (C) [17] . Perspective drawings of the molecular structure of compounds, also
showing the atom numbering scheme used, are shown in Figure 2 to Figure 6 . Crystallographic data is presented in Table 2 , with selected geometrical parameters given in Table 3 , Table 4 and Table 5 .
Additional crystallographic data is provided in the Electronic Supplementary Information.
Theoretical approach
Density functional theory (DFT) calculations were performed with the B3LYP functional, as implemented in the Gaussian 09 package [18] , using the triple-ζ basis set 6-311G(d,p). Since the compounds of this study are low-spin paramagnetic d 9 compounds, all calculations were conducted as for a doublet, unrestricted in the gas phase. All structures were confirmed to be true minimum structures by a frequency analysis, i.e. no imaginary frequencies. The input coordinates for the compounds were constructed using Chemcraft [19] , as well as from available crystal data. The optimized coordinates of the DFT calculations are provided in the Supporting Information.
Results and discussion
Characterization
The five 2-pyridyl-(1,2,3)-triazole-copper compounds (2, 6 -9), with the substituents on the Table 1 ). 2-pyridyl-(1,2,3)-triazole-copper compounds (2, 6 -9 Figure 2 to Figure 6 . The structures confirmed that the copper(II) complexes were formed with two bidentate ligands and two chloride ions as a coligands. The single crystals of the compounds
Scheme 1. Synthesis of the five
and [Cu(L 9 )2Cl2], were grown by slow evaporation of methanol or methanol/acetonitrile solvents in a ratio of 1:2. Unit cell data collection and structure refinement details are provided in Table 2 , while selected bond lengths, bond angles and torsion angles are listed in Table 3 , Table 4 and The CuN(PY) bond lengths were found to be ca. Table 3 ). Neither did the bond angles and torsion angles ( Table 4 and Table   5 ) show any significant differences due to the different geometry distortions in the compounds, caused by the Jahn-Teller effect. a Atom numbering according to Figure 5 . a Atom numbering according to Figure 5 . a Atom numbering according to Figure 5 .
The packing of the [Cu(L 2 )2Cl2] compound (with ligand substituent R = CH3) is discussed here, as an example of the packing observed in the solid state for all the [Cu( Relevant bond distances and angles are listed in Table 6 . It follows from these CH...Cl values in [25, 26, 27, 28] . The centroid−plane perpendicular distance is 3.508 Å, with an angle between the two planes of 10.83°; see Figure 8 . 
Summary
The experimental solid state X-ray structures of five low-spin paramagnetic 2-pyridyl- opposite CuCl bonds has the highest energy (ca. 0.50 eV higher) and is therefore the most unstable geometry. However, the experimentally obtained structures presented in this study, unexpectedly both displayed the DFT calculated lowest energy (most stable) geometry with compression JahnTeller distortion along opposite CuN(pyridine) bonds, as well as the DFT calculated highest energy (less stable) geometry with elongation Jahn-Teller distortion along opposite CuCl bonds. Many intermolecular interactions were observed in the solid state, which could have contributed to the unexpected existence of this more unstable higher energy geometry in the latter case.
